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[57] ABSTRACT 

ADedicated Physical Location Channel (DPLCH) is utilized 
by a mobile station (913) to support subscriber location 
functions. The DPLCH is spread by an Orthogonal Variable 
Spreading Factor (OVSF) code C L (502) of length 256 
which is distinct from those OVSF codes assigned to other 
channels utilized by the mobile station (913). When a 
power-up function (PUF) is received by the mobile station 
(913), the DPLCH sub-channel amplitude is then modified 
relative to the other channels being utilized by the mobile 
station (913) using gain module G^ (503) prior to combi- 
nation (504) with the other channels. 

17 Claims, 11 Drawing Sheets 
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METHOD AND APPARATUS FOR MOBILE length-256, and is constructed using a pair of extended Very 

STATION LOCATION WITHIN A Large Kasami codes although any code family with good 

COMMUNICATION SYSTEM auto- and cross-correlation properties may be used. The 

resulting spread signal is then filtered using square-root 

FIELD OF THE INVENTION 5 raised-cosine chip pulse-shaping filters 108 and 109 before 

Represent invention relates generally to a physical layer ^ a q ^f atUie modulated 109 and transmitted from 

sub-channel in an asynchronous Code Division Multiple n ,. . ..' . .. . . . . ... 

Access (CDMA) cellular communications system, and in Radl ° tn ateraUon techniques have been widely used m 
particular to a method and apparatus for mobile station ™ ny m ° M * ^a™' f>tems .^al- 
location utilizing such a physical layer subchannel. «> ™» •» *»° P™"* mlaterauon, 
° r ' ' namely the a) Time of Arrival (TOA) and b) Time Difference 

BACKGROUND OF THE INVENTION of Arrival (TDOA) methods. TDOA requires each BS to 

. - . estimate, with respect to a local timing reference, the time 

FIG. 1 and FIG. 2 show an exemplary configuration of the delay of the MS si d ^ a time del estimator RG 3 

spreading, modulation, and framing design for the uplink shows tne block diagram of , rior .^ t ^ ^ dd 

( "- ^^V aaUO ^^V-, 0 ^ aSe ,f1 t,On m hlk) ? f 8 estimator thal m »y be ™* ««> fora such an estimate given 

so-called 3 Generation (3G) cellular communions me , ransmitted MS signal described above , In FIG f , he 

system based on Code Division Multiple Access (CDMA) received ^ al * filst t0 baseband ^ dra . 

principles. That system is generally described in the Euro- lure demodu i a tor 301, then processed using chip pulse 

pean Telecorrmmmcations S tandards Institute (ETSI) report matched filt6r 302> and led ^ analog-digital (ADC) 

of sub-group entitled "Concsp Group Alpha- 20 303. Tlie signal is then passed through Code MaTched Filter 

f'f D S ^« CD ? IA n (X y™ MA i Eva,uatl0n D °<~' (CMF) 304, where the taps of the filter are set equal to the 

(3.0), Parti Dec. 15-19, 1997. There are two types of length-N raor code C* 207 shown in FIG. 2, where C* 207 

physical sub-channels shown .n FIOl namely the Dedi- ^ by concatenating K copies of the length-256 

cated Physical Data Channel DPDCH) 101 and the Ded!- ^ formed as J the ^ £ me £ ^ c ^ md 

cated Physical Control Channel (DPCCH) 102. The DPDCH " where „ nmm7S 6R. In the examnle of FIG. 3. K=5. 

is used to carry dedicated data generated at layer 2 and above A f * AoUt , t . iU f A . . 

while the DPCCH is used to carry control information A time dela y estimate * *en formed by coherently 

generated at layer 1 accumulating 305 the complex-valued CMF outputs to an 

. . ' ^ , array of N P observations or "ranging bins" (where N„ is 

As shown in FIG. 2, the ^ DPDCH and DPCCH are 3Q 256 0 as shown in FIG. 2) for Nlimeslots, and then n'on- 

separated into 10 ms frames 201 and further separated into coherently accumulating 312 the result for M such length-N 

625 us timesbts 202. T*e DPDCH carries 10*2* BPSK timeslot * eriods . ^ f otal observation time is the f efore 

symbols (ix. bite) in each timeslot, where K is an integer in NxM timeslots. The length-N,, real-valued output array of 

the range ^ In ^ the non-c«herent accumulator 

allowing 20 data bits 206 (symbols d(0H(19» to be trans- 35 dec ision statistics 307, is then passed through a Time Delay 

mitted per timeslot giving a l bit rate of 32 kbps. Since the Decision Algorithm 308 which gives the timTdelay estimate 

spreading rate is 4.096 Mega i-chips ^ per second in the l0 309 0 f the MS signal with respect to the local timing 

example shown toe are 2560 (N^) chips m each timeslot, refereQce> where lhe Time Del Decision M [xhm 30 | 

with each DPDCH data symbol being spread by a factor of may be ^ simple ^ ^aing the ranging bin with largest 

40 magnitude decision statistic 307. This time delay estimate 

The DPCCH consists of a) known pilot symbols 203 to 309 can then be combined with time-delay estimates from 

support channel and received signal-to-noise (SNR) estima- other BSs and used in the derivation of MS location using, 

tion at the BS rake receiver, b) a Transmit Power Control for example, the TDOA technique. 

Indicator (TPCI) field 204 to support closed-loop BS trans- The ability to use such trilateration techniques in a 
mit power control and c) a Rate Indicator (RI) field 205 used 45 DS-CDMA system utilizing MS transmit power control is, 
™~ T ? ^ m ? )rmallon rate of each 10 ms frame - however, problematic since MSs close to BSs (i.e. a "proxi- 
DPCCH is typically spread by a factor of 256. ma i» B S) transmit at low output power in order to avoid the 
The DPDCH and DPCCH are respectively mapped to the well-known near-far problem for CDMA systems. Since 
in-phase (I) and quadrature (Q) branches of the MS trans- such MSs are observed at very low SNR at distant BSs, it 
mitted waveform. The resulting I and Q signal is then spread 50 may not be possible in such cases to form a reliable 
to the chip rate using two different orthogonal channeliza- time-delay estimate at distant BSs. One of the ways to 
tion codes C^ 103 and C c 104. The channelization codes are increase the visibility of the MS to multiple BSs is to 
Orthogonal Variable Spreading Factor (OVSF) codes increase the MS power level for a brief period at a pre- 
selected from the hierarchy of such codes described in detail defined time period using a so-called Power-Up Function 
in "Tree Structured Generation of Orthogonal Spreading 55 (PUF) command from the infrastructure equipment. Details 
Codes with different lengths for Forward Link of DS-CDMA of PUF can be found in Telecommunications Industry Asso- 
Mobile Radio," Electronics Letters, Jan. 2nd, 1997, ciation (TIA) contribution "Location Power Up Function," 
pp.27-28, by F. Adachi, M. Sawahashi, and K. Okawa. TR45 .5.2.3/97.07. 17.02 by A. Ghosh, G. Bruckert, B. Ver- 
Since, in the example shown, it is assumed that the desired biscer and M. Panjwani and in ETSI SMG2 document 
coded bit rate of the DPCCH is 32 kbps, the DPDCH 6 o UMTS A36/97 and U.S. Pat. No. 5,508,708 dated Apr. 16, 
channelization code C D is required to be length 128. The 1996 by Ghosh et. al. 

DPCCH channelization code is likewise an allowable OVSF PUF can be used for performing MS location in systems 

code of length 256, regardless of the bit rate of the DPDCH. employing the prior-art MS transmitter/transmission struc- 

The complex-valued signal 111 resulting from the com- ture described above. In this case, the pilot field of the 

bination of DPCCH and DPDCH is then scrambled by an 65 DPCCH (see FIG. 1 and FIG. 2) is sent at higher power for 

MS-specific primary scrambling code C s 105. Id the prior the duration of the PUF. The TDOA information required for 

art, this primary scrambling code is complex-valued, is of MS location can then be derived from observation of the 
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pilot field at multiple distant base stations using trilateration mobile station. When a power-up function (PUF) is received 

methods and a code matched filter (CMF) matched only to by the mobile station, the DPLCH sub-channel amplitude is 

the pilot field of the DPCCH. (If the entire DPCCH trans- then modified (relative to the other channels being utilized 

mission over the timeslot were used, range estimation would by the mobile station) using a gain module prior to combi- 

have to be performed jointly with determination of modu- 5 nation with the other channels. 

lated TPCI 204 and RI 205 symbols). In practice, however, The present invention encompasses a method for mobile 
the CMF would not be matched to the entire DPCCH and station location within a communication system. The 
would not be of iength-2560, but rather of length Nj> ILOT method comprises the steps of communicating with a plu- 
This leads to reduction in SNR at distant BS filter outputs! ralitv of base stations via a first frequency band using a first 
Also, it is inefficient to transmit the TPCI 204 and RI 205 10 s P readin S code » communicating with the plurality of base 
fields at higher power during PUF, since those fields are not stations via the first frequency band using a second spread- 
used at the CMF. Transmitting only the pilot field 203 at ^S.code, and communicating with the plurality of base 
higher power, however, would lead to undesirable MS Statl0ns u Via } hc > first fre <? uenc y b«"> f*g * third spreading 
transmit power envelope variations. Furthermore PUF probe C0 ? e ' ^ tmrd spreadmg code definmg a third channel 
cancellation at proximal BSs becomes cumbersome with this is UtUlzed f ? r transm . lttin f information to the plurality of base 
approach stations that is utilized for mobile station location within the 
rpu j... .1,* * , • communication system. 

I nus a need exists for a method and apparatus for location r™ 4 , „ , , 

of a mobUe station within a communication system that f ^ P^nt mvention addn.onally encompasses a method 

results in a higher SNR at distant BSs without the undesir- T l ? Cat, ° n ^ V X)mmumcatl0n system, 

able MS transmit power envelope variations and other 20 The method compnses the steps of commumcaung with a 

^w„o„t™<. ~c 4 ' * v. * plurality of base stations via a first frequency band using a 

disadvantages of pnor-art location techniques. ^ Jp £ tdfag ^ (whefe ^ ^ ^ ^ 

BRIEF DESCRIPTION OF THE DRAWINGS a channel utilized for transmitting data from the mobile 

station to the plurality of base stations), communicating with 

FIG. 1 is a block diagram of a prior-art mobile station 25 the plurality of base stations via the first frequency band 

spreading technique for a Wideband CDMA system. using a second spreading code (where the second spreading 

FIG. 2 shows a prior-art uplink timeslot structure for a code defines a second channel utilized for transmitting 

Wideband CDMA System. control information from the mobile station to the plurality 

FIG. 3 is a block diagram of a prior-art base station time ° f base s ! ations }' a ° d communicating with the plurality of 

delay estimator. ' 30 base staa ons via the first frequency band using a third 

et^ a -ii / * *u t~ n r * • , ^ spreading code (where the third spreading code defines a 

PIG. 4 illustrates the Time Difference of Arrival (TDOA) mird channel ^ fof ^ information to the 

method for hyperbolic position determination in accordance luralit of base slations that ^ utUiz * d fof mobile stadon 

with the preferred embodiment of the present invention. location the communication system) . ^ a power . 

FIG. 5 is a block diagram of the mobile station spreading U p function command is received, the power of only the 
technique for a Wideband CDMA system incorporating a third channel is adjusted in response to the received power- 
location sub -channel in accordance with the preferred up function command. 

embodiment of the present invention. ^ presem invention fattbcr encompasses a method for 

FIG. 6 shows the uplink timeslot structure for a Wideband mobile station location within a communication system. The 

CDMA system incorporating the sub-channel of FIG. 5 in ^ method comprises the steps of receiving, via a first fre- 

accordance with the preferred embodiment of the present quency band, a first spreading code, receiving, via the first 

invention. frequency band, a second spreading code, and receiving, via 

FIG. 7 is a block diagram of the base station time delay the first frequency band, a third spreading code. Next, a 

estimator supporting location sub-channel in accordance power-up function command is transmitted and in response, 

with the preferred embodiment of the present invention 45 th e third spreading code is received at an increased power 

FIG. 8 shows the uplink timeslot structure for a Wideband and me w * second spreading codes are received at 

CDMA system incorporating the sub-channel of FIG. 5 and substantially the same power level. In the preferred embodi- 

a modulating sequence in accordance with an alternate ment of the P resent invention, the third spreading code 

embodiment of the present invention defines a third channel utilized for transmitting information 

FIG. 9 illustrates a wireless communication system in *> t0 ^ base station that is utilized for mobile station location 

accordance with the preferred embodiment of the present ^ ^ c ° mmunicatlon 

invention. Finally, the present invention encompasses an apparatus 

mr* 1 n ■ a u * i_ • f° r locating a mobile station within a communication sys- 

WO. 10 is a now chart showing operation of the commu- *™ tu. Z~ ♦ * • • v\ 

... . A . B / 7 . , , , tern. The apparatus comprises circuitry for receiving data 

nication system of FIG. 9 m accordance with the preferred d via a di J de and transmUted b ^e mobile 

embodiment of the present invention. slation ^ me prefefred em5odimentj me sp ^ding code 

FIG. 11 is a block diagram of a base station of FIG. 9 in defines a channel utilized for transmitting information to the 

accordance with the preferred embodiment of the present base station that is utilized for mobile station location within 

invention. lne communication system and a propagation delay calcu- 

DETAILED DESCRIPTION OF THE DRAWINGS 60 S»S ^ Pr0Pa8iUi0,, ° f ^ 

To overcome the problems described above a Dedicated Prior to describing the DPLCH, the following descrip- 

Physical Location Channel (DPLCH) is utilized by each tions of TOA and TDOA methods for location are provided 

mobile station to support subscriber location functions. The to set the necessary background for utilization of the pre- 

DPLCH is spread by an Orthogonal Variable Spreading 65 ferred embodiment of the present invention. 

Factor (OVSF) code Q L of length 256 which is distinct from TOA Method for Location: When the distances p x and p 2 

those OVSF codes assigned to other channels utilized by the between a MS and a pair of fixed BSs are known, the 
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position of the MS may be computed by determining the symbol is assumed to be unity. Again module G L 503 is used 

point of intersection of two circles with radii p t and p 2 , each to set the transmitted DPLCH sub-channel power to a level 

centered at one of the fixed BSs. If an error exists in either consistent with reliable time-delay estimation at multiple 

or both distance determinations, the true position of the MS, distant BSs. The DPLCH sub-channel is transmitted con- 

P, will be displaced and observed to lie at the intersection P', 5 tinuously for a specific number of timeslots or frames 

of the perturbed radial arcs p 12 , and p 12 . A third BS is established either a) at time of manufacture, or b) as part of 

typically needed to unambiguously locate each MS at the a network signaling protocol executed before or during 

unique point of intersection of the three circles. To accu- location estimation. 

rately compute the MS location using this method, it is M iU ustrated in FIG. 6, the DPLCH 501 consists of only 

necessary to know precisely the instant the signal is emitted io ^ probe symbols 602 to support MS location. For 

from the BSs and the instant it arrives at the MS. For this simplicity, the DPCCH 102 is omitted from FIG. 6. In FIG. 

method to work properly, an accurate measurement of the 6 , tne DPLCH is spread by a factor of 256 by code C, 603, 

total time delay along each of three MS to BS signal paths although as stated above any OVSF code which maintains 

is necessary. orthogonality to the code sub-channels present is acceptable. 

TDOA Method for Location: For this method of location, 15 ^ block diagram of the modified BS time delay esti- 
the observed time difference between pairs of signals arriv- mator supporting the DPLCH location sub-channel is shown 
ing at the MS from three or more BSs are used to compute m FIG . T ^ signal from me j^c is passed through Code 
the location of the MS. This method, in its simplest form, is Matched Filter (CMF) 404, where the taps of the filter are set 
illustrated m FIG. 4. Here, three BSs are shown as BS A401, equal t0 the i ength . Ni , cr 604 shown in FIG. 6, where 
BS B 402, and BS M 403. The MS 404, by observing the 20 604 is formed as the product of the C, and a codes. In 
time difference in arriving signals between BS pairs A-M the preferred embodiment of the present invention, the CMF 
™dB-M>c^^ is of length-N,, (i.e., 2560 chips) rather than K P2LaT . 
LOPs') indicated respectively as LOPA405 and LOPB 406. Accordingly, a simple N^-ary CMF may be implement 
In this method therefore, the location estimate can be the BS ^ corresponding improvement in CMF output 
obtained without knowledge of the absolute arrival time of 25 SNR of compared with prior-art estimators, 
the signal from each BS at the MS, only time differences in ™ . , , , , . , 4 , 
arrival are significant. , The invention described here also provides othe^dvan- 
_ TO * * * , „ „ tages. First, since the transmitted power level of the DPCCH 
The TDOA method can applied equally successfully fe una ffected during PUF operation, operation of reverse- 
when, rather than forming the location estimate at the MS by ^ power control loop at proxima i B Ss (which is typically 
observing arrival time differences between signals transmit- base d on the observed SNR of the pilot field of the DPCCH) 
ted from distant BSs, the location estimate is determined by ^ ^ unaffected by PUF. Secondly, since the DPLCH is 
instead estimating the time difference between BS observa- un-modulated (recall the DPCCH contains the modulated 
tions of a signal transmitted by the MS. Tnis approach is jpci and RI fields) DPLCH subchannel cancellation at 
useful in soHcalled "asynchronous" CDMA cellular commu- proximal BSs is simpler, 
nication systems, in which the signals transmitted by each T iU ? j u a- * 

BS are not synchronized to a central timing reference such lD £ e pT ^ md ™*>*™^ ° f / he P reseQt "mention the 

as the Global Positioning System (GPS). However, the local ^^^T^ * m ° bde , st f on from b <*f f ta ^ n 

timing reference between BSs should be known for TDOA c ^ laUn f * e mobile station s location is hmi ed to 256 

to work effectively. V s or us wmch > corresponds to 12.5 miles. In an 

. . 40 alternate embodiment of the present invention, the range is 

AMS spreading structure incorporating DPLCH in accor- increased to 2560 chips. In the alternate embodiment of the 

dance with the preferred embodiment of the present inven- preS ent invention, the probe sequence corresponding to 

tion is shown in FIG. 5 Here, the DPLCH symbol 501 is DPLCH channel is modulated by a complex sequence of 

spread by an orthogonal OVSF code C L 502 of length 256 length 16 as shown in FIG. 8. Tne modulating sequence M, 

which is distinct from those OVSF codes C D and C c 45 80i can be chosen from a set of length 16 sequence offering 

assigned respectively to other channels utilized by the MS, good auto-correlation properties to the sequence C++ 802 

the DPDCH or DPCCH sub-channels). The DPLCH WQere C~ 802 is formed as the product of the Q, Q and 

SSj^^l?^^ u V ?° dified rdative J t ? the the modulating sequence M,.lneBS time delay estimator in 

DPDCH and DPCCH sub-channels using gain module G^ this case ^ be similar t0 nG> j except me t of the CMF 

503 prior to combination 504 with the DPDCH and DPCCH 5Q 404 m ^ equal to me i eng th-N P code C~ 802 shown in 

sub-channels. Scrambling is accomplished using the primary piQ i g t 

scrambling code Cc 105 before pulse shaping 107, 108, ™^ n n * * • 1 . . ™» . 

quadrature modulation 109, and transmission 110. FIG. 9 illustrates a wireless communication system 900 in 

A1f , . OT „ e . ' . _ m , , , accordance with the preferred embodiment of the present 

Although 1 FIG. 5 shows ^the code C L 502 used to spread the invention. In the preferred embodiment of the present 

DPLCH to be a length-256 OVSF code, it may be any OVSF 55 invention, communication system 900 utilizes a Wide-band 

code which, according to the known properties of OVSF Code Division Multiple Access system protocol as described 

codes described above, is orthogonal to the DPCCH and any above . Communication system 900 includes base station 

(possibly multiple) DPDCH codes already assigned. Also, 90 l, base station 902, base station 903, mobile station 913, 

codeC 502 may be a code built permanently into the MS Centralized Base Station Controller (CBSC) 904, and 

(i.e. denned at time of manufacture) or may be assigned as 60 Mobile Switching Center (MSC) 905, As shown, mobile 

part of a network signaling protocol executed before or station 913 fa communicating with base stations 901 902, 

during location estimation. and 903 via uplink commun i cation signals 919 and base 

The data symbol underlying the DPLCH spreading pro- stations 901, 902, and 903 are communicating with mobile 

cess is generally complex-valued, and in the preferred station 913 via downlink communication signals 916. In the 

embodiment, is selected in such a way as to minimize 65 preferred embodiment of the present invention, base stations 

amplitude variations in the MS complex-valued transmitted 901, 902, and 903 are suitably coupled to CBSC 904, and 

signal envelope. In the example of FIG. 5, the DPLCH CBSC is suitably coupled to MSC 905. 
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Operation of communication system 900 occurs as fol- 
lows. Mobile station 913 actively communicates with base 
stations 901-903 by utilizing both the Dedicated Physical 
Data Channel 101 and the Dedicated Physical Control 
Channel 102. As discussed above, both channels 101 and 
102 are spread utilizing two different orthogonal channel- 
ization codes. In the preferred embodiment of the present 
invention, mobile station 916 broadcasts (periodically or 
when requested by the source base station during location 
estimation) a Dedicated Physical Location Channel, that is 
utilized to support subscriber location functions. As dis- 
cussed above the Dedicated Physical Location Channel 
comprises a probe sequence assigned to mobile station 913 
as part of a network signaling protocol. In the preferred 
embodiment of the present invention the code assigned to 
mobile station 913 is spread by an orthogonal OVSF code, 
which is distinct from those codes utilized by both Dedi- 
cated Physical Data channel 101 and Dedicated Physical 
Control Channel 102. Thus, uplink communication signal 
919 received at base stations 901-903 comprises a multi- 
plicity of frequency and time overlapping coded signals 
from each channel transmitted. Each of these signals is 
transmitted simultaneously at the same radio frequency (RF) 
and is distinguishable only by its specific OVSF codes. In 
other words, uplink signal 919 received at a base-station 
receiver is a composite signal of each transmitted channel 
and an individual channel distinguishable only after decod- 
ing. 

To initiate a location request, a command is originated at 
a regional entity such as MSC 905, an operations center (not 
shown), or perhaps within a connected network such as 
Public Switched Telephone Network (PSTN) (not shown). 
The location request, which includes identification informa- 
tion on the mobile station that is to be located, enters MSC 
905 and is passed to CBSC 904. CBSC 904 instructs all base 
stations within the cellular system, or a subset of those base 
stations identified previously by mobile station registration, 
to broadcast a power-up function via downlink communi- 
cation signal 916 to the mobile station 913. Unlike prior- art 
methods of utilizing power-up functions, in the preferred 
embodiment of the present invention the Dedicated Physical 
Location Channel's amplitude is increased utilizing gain 
module 503 prior to combination 504 with the other chan- 
nels 101, 102. Additionally, gain module 503 increases the 
amplitude to a level consistent with reliable time -delay 
estimation at base stations 901-903. Finally, after enough 
data has been collected, or a timer of finite duration initial- 
ized at commencement of probing expires, CBSC 904 
instructs the serving base stations to send an acknowledg- 
ment (Ack) to mobile station 913, instructing it to cease 
transmission over the Dedicated Physical Location Channel. 
The propagation delay at each base station is then forwarded 
by each base station 101, along with its base station 
identification, to a designated entity, (e.g., CBSC 904), and 
the location of the mobile station 113 is calculated based on 
the measurement of the propagation delay using TDOA or a 
combination of TDOA and TOA. 

FIG. 10 is a flow chart showing operation of communi- 
cation system 900 in accordance with the preferred embodi- 
ment of the present invention. The logic flow begins at step 
1001 where mobile station 913 actively communicates with 
base stations 901-903 by utilizing both the Dedicated Physi- 
cal Data Channel 101 and the Dedicated Physical Control 
Channel 102. Next, at step 1005 a location request is 
initiated by a regional entity such as MSC 905. At step 1010, 
the location request is passed to CBSC 904, and at step 1015, 
CBSC 904 instructs all base stations — or a subset of base 
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stations identified during prior mobile station registration — 
within the cellular system to broadcast a power-up function 
command or message via downlink communication signal 
916. In response, mobile station 913 increases the amplitude 
of the Dedicated Physical Location Channel consistent with 
reliable time-delay estimation at base stations 901-903 (step 
1020), and continuously broadcasts a probe sequence 
assigned to mobile station 913 as part of a network signaling 
protocol (step 1025). At step 1030 CBSC 904 determines if 
enough data has been collected for an adequate location 
estimation to be made, and if not, the logic flow returns to 
step 1025. If at step 1030 it has been determined that enough 
data has been collected for an estimate of mobile station's 
913 location, or a timer of finite duration initialized at 
commencement of probing expires, then the logic flow 
continues to step 1035 where CBSC 904 instructs the 
serving base stations to send an acknowledgment (Ack) to 
mobile station 913, instructing it to cease transmission over 
the Dedicated Physical Location Channel. Finally, at step 
1040 the propagation delay at each base station is then 
forwarded by each base station 101, along with its base 
station identification, to a designated entity, (e.g., CBSC 
904), and the location of the mobile station is calculated. 

FIG. 11 is a block diagram of a base station of FIG. 9 in 
accordance with the preferred embodiment of the present 
invention. As shown, the base station comprises QPSK 
demodulator 1101, DPCCH circuitry 1103, DPLCH channel 
circuitry 1105, DPDCH circuitry 1107, base station control- 
ler 1109, and propagation delay calculator 700. Operation of 
base station in accordance with the preferred embodiment of 
the present invention occurs as follows. Base station 902 
utilizes channel circuitry 1103, 1105, and 1107 in conjunc- 
tion with QPSK demodulator 1101 to despread and demodu- 
late DPCCH, DPLCH, and DPDCH transmissions from 
mobile station 913. Additionally, when a location request is 
given to base station 902, base station controller 1109 sends 
mobile station 913 a PUF command via transmitting cir- 
cuitry (not shown), and begins receiving, via DPLCH cir- 
cuitry 1105, mobile station location information transmitted 
by mobile station 913. Mobile station location information 
is passed on to propagation delay calculator 700, where 
propagation delay information is calculated. This informa- 
tion is then passed on to base station controller 1109 and 
forwarded, along with its base station identification, to a 
designated entity, (e.g., CBSC 904), where the location of 
the mobile station is calculated. 

While the invention has been particularly shown and 
described with reference to a particular embodiment, it will 
be understood by those skilled in the art that various changes 
in form and details may be made therein without departing 
from the spirit and scope of the invention. 

What is claimed is: 

1. A method for mobile station location within a commu- 
nication system, the method comprising the steps of: 

communicating with a plurality of base stations via a first 
frequency band using a first spreading code, the first 
spreading code defining a first channel utilized for 
transmitting data from the mobile station to the plural- 
ity of base stations; 

communicating with the plurality of base stations via the 
first frequency band using a second spreading code, the 
second spreading code defining a second channel uti- 
lized for transmitting control information from the 
mobile station to the plurality of base stations; and 

communicating with the plurality of base stations via the 
first frequency band using a third spreading code, the 
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third spreading code defining a third channel utilized 
for transmitting information to the plurality of base 
stations that is utilized for mobile station location 
within the communication system. 

2. The method of claim 1 wherein the steps of spreading 5 
using the first spreading code, the second spreading code, 
and the third spreading code comprise the steps of spreading 
using a first orthogonal channelization code, a second 
orthogonal channelization code, and a third orthogonal 
channelization code. io 

3. The method of claim 1 further comprising the step of 
receiving the communication from the mobile station via the 
third channel and locating the mobile station based on the 
communication. 

4. The method of claim 3 wherein the step of locating the 15 
mobile station comprises the step of locating the mobile 
station via a Time Difference of Arrival (TDOA) or a Time 
of Arrival (TOA) technique. 

5. The method of claim 1 wherein the mobile station 
broadcasts a probe sequence corresponding via the DPLCH 
channel. 

6. The method of claim 5 wherein the probe sequence is 
modulated by a complex sequence. 

7. A method for mobile station location within a commu- 
nication system, the method comprising the steps of: 

communicating with a plurality of base stations via a first 
frequency band using a first spreading code, the first 
spreading code defining a first channel utilized for 
transmitting data from the mobile station to the plural- 
ity of base stations; 

communicating with the plurality of base stations via the 
first frequency band using a second spreading code, the 
second spreading code defining a second channel uti- 
lized for transmitting control information from the 
mobile station to the plurality of base stations; 

communicating with the plurality of base stations via the 
first frequency band using a third spreading code, the 
third spreading code defining a third channel utilized 
for transmitting information to the plurality of base 
stations that is utilized for mobile station location 
within the communication system; 

receiving a power-up function command; and 

adjusting the power of only the third channel in response 
to the received power-up function command. 

8. The method of claim 7 wherein the steps of spreading 
using the first spreading code, the second spreading code, 
and the third spreading code comprise the steps of spreading 
using a first orthogonal channelization code, a second 
orthogonal channelization code, and a third orthogonal 
channelization code. 

9. The method of claim 7 further comprising the step of 
receiving the communication from the mobile station via the 
third channel and locating the mobile station based on the 
communication. 

10. The method of claim 7 wherein the step of locating the 
mobile station comprises the step of locating the mobile 
station via a Time Difference of Arrival (TDOA) or a Time 
of Arrival (TOA) technique. 

11. The method of claim 7 further comprising the step of 60 
combining the first channel, the second channel, and the 



third channel to form a plurality of frequency and time 
overlapping coded signals from each channel transmitted. 

12. The method of claim 11 wherein the step of adjusting 
the power of only the third channel comprises the step of 
adjusting the third channel's amplitude prior to the step of 
combining the first, second, and third channel. 

13. A method for mobile station location within a com- 
munication system, the method comprising the steps of: 

receiving, via a first frequency band, a first spreading 
code, the first spreading code defining a first channel 
utilized for transmitting data from the mobile station to 
a base station; 
receiving, via the first frequency band, a second spreading 
code, the second spreading code defining a second 
channel utilized for transmitting control information 
from the mobile station to the base station; 
receiving, via the first frequency band, a third spreading 
code, the third spreading code defining a third channel 
utilized for transmitting information to the base station 
that is utilized for mobile station location within the 
communication system; 
transmitting a power-up function command; and 
receiving via the first frequency band, the third spreading 
code at an increased power while continuing to receive 
the first and the second spreading codes at substantially 
the same power level. 

14. The method of claim 13 wherein the steps of receiving 
the first spreading code, the second spreading code, and the 
third spreading code comprise the steps of receiving a first 

30 orthogonal channelization code, a second orthogonal chan- 
nelization code, and a third orthogonal channelization code. 

15. The method of claim 13 further comprising the step of 
receiving the communication from the mobile station via the 
third channel and locating the mobile station based on the 
communication. 

16. The method of claim 15 wherein the step of locating 
the mobile station comprises the step of locating the mobile 
station via a Time Difference of Arrival (TDOA) or a Time 
of Arrival (TOA) technique. 

17. An apparatus used for mobile station location within 
a communication system, the apparatus comprising: 

first channel circuitry for communicating with a plurality 
of base stations via a first frequency band using a first 
spreading code, the first spreading code defining a first 
channel utilized for transmitting data from the mobile 
station to the plurality of base stations; 
second channel circuitry for communicating with the 
plurality of base stations via the first frequency band 
using a second spreading code, the second spreading 
code defining a second channel utilized for transmitting 
control information from the mobile station to the 
plurality of base stations; and 
third channel circuitry for communicating with the plu- 
rality of base stations via the first frequency band using 
a third spreading code, the third spreading code defin- 
ing a third channel utilized for transmitting information 
to the plurality of base stations that is utilized for 
mobile station location within the communication sys- 
tem. 
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